Introduction
Modern helicopters have a number of antennas to accomplish a wide variety of tasks. In order to investigate the performance of an antenna mounted on a helicopter, it is common to build scale models of the helicopter and perform measurements for a large number of antenna locations and frequencies. An alternative to this procedure is to develop analytical techniques that can be used to analyze the radiation pattern of an antenna in the presence of a complicated structure such as an aircraft or a helicopter. Two widely used computational techniques that complement each other have been developed to handle this problem. One technique, commonly known as the Uniform Geometrical Theory of Diffraction (UTD) is a high frequency technique which can be used to compute near and far field patterns of sources radiating in the vicinity of electrically large objects. The second technique, known as the moment method (MM), is applicable to objects which are not electrically large.
Thus, for a given problem, depending on the electrical size of the structures, one can choose the method which is most appropriate to calculate the radiation patterns of the antennas under study. This paper will describe the development of a computer code which com- being designed specifically for helicopters, it is actually applicable to almost any geometry consisting of a perfectly conducting main body or fuselage, of essentially arbitrary shape, with attached wings and firm. Thus, the HARP code should also be applicable to aircraft, missiles, spacecraft, etc. At present, HARP has no capability to treat non perfectly conducting materials.
Overview of the Helicopter Antenna Radiation Prediction Code
Figure 1 shows a block diagram of HARP. It is worth noting that of the 13 "boxes", only two (i.e., "Perform MM Computations" and "Perform UTD
Computations") refer to electromagnetics. The rest refer t o the input, manipulation, and display of the helicopter geometry and radiation patterns. This is an accurate reflection of the fact that the vast majority of our effort in developing HARP has dealt with geometry, not electromagnetics. 
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The final step is to display the antenna far zone radiation patterns
Low Frequency MM Analysis
If the MM is to be the method of analysis, the first step is to construct a model which is compatible with the low frequency Aircraft Modeling Code (AMC) [3] . AMC requires the fuselage to be defined by cross sections, and the wings and fins by flat plates. Basically, HARP converts thr. continuous surface or spline fit model of the fuselage into cross sections which are compatible with AMC. This is not trivial because of the need for the grid formed by the fuselage cross sections to exactly match the wing and fin attachments. AMC then takes the fuselage cross section data and converts it to a tiled surface or plate model of the fuselage. Since the wings and fins are also modeled by plates, the low frequency model of the fuselage is a 100% plate model. The radiating antenna and rotor blades are modeled by thin wires.
Once the surface patch model of the helicopter has been determined, AMC can proceed with MM computations, including computation of the MM impedance matrix and voltage vector, a matrix solution for the currents, and finally computation of the desired far zone patterns. Depending upon the electrical size of the helicopter, and upon the speed of the computer, this step can take between a few seconds and several hours of CPU time.
High Frequency UTD Analysis
If the UTD is selected as the method of analysis, then the helicopter patterns will be computed with the NEWAIRS code [l, 21, which requires that the helicopter be represented by a composite ellipsoid and flat plates. The composite ellipsoid accurately models the fuselage of the helicopter in the vicinity of the antenna attachment point, while the flat plates crudely model the remainder of the fuselage (if necessary), plus any other structure attached to or in the vicinity of the fuselage such as wings, fins, engines, blades, etc. It is important to emphasize that, in contrast to the moment method technique where the model has to be reasonably accurate over the entire helicopter, the UTD model needs to be most accurate in the vicinity of the antenna. The UTD model of the helicopter fuselage can be less accurate in the shadow region far from the antenna location (the shadow region is the region not directly illuminated by the antenna). This is due to the fact that in the high frequency regime, radiation, diffraction and scattering in general are local phenomena. This means that the radiation characteristics of an antenna mounted on a fuselage depend most strongly on the geometry of the fuselage in the vicinity of the antenna location, and much less on the geometry of the fuselage far away (electrically) from the antenna. HARP generates the composite ellipsoid, and if necessary, adds flat plates to model portions of the fuselage not well modeled by the composite ellipsoid. Additional plates are also generated to model fins, wings, rotor, etc. If user is satisfied with the UTD model, the next step is to perform the UTD pattern calculation using the UTD code NEWAIR3. For this purpose, the HARP code will generate the input data for the NEWAIRJ code from the ellipsoid parameters, the plates, the antenna location, etc. This input data is then use to run the NEWAIRJ code and generate the radiated field.
